The essential oils from leaves, twigs and stems of large trees and shrub-like trees of Thuja sutchuenensis were extracted by hydrodistillation and supercritical fluid extraction, and analyzed by GC and GC-MS. The essential oil composition differed significantly among the three organs, as well as between large trees and shrub-like trees. Furthermore, consistent with the eastern Asia-North American disjunct distribution of the genus, many differences in the essential oil composition between T. sutchuenensis and other Thuja species were apparent. The essential oils exhibited a certain degree of antifungal activity against six strains of human pathogenic fungi.
Thuja is an eastern Asian-North American disjunct genus of evergreen coniferous trees belonging to the Cupressaceae. The genus consists of five species, two of which are endemic to North America and the remaining three to eastern Asia. T. sutchuenensis is a critically endangered species endemic to China and only occurs naturally in the Dabashan Mountains situated in central China [1a] . The leaf and wood of T. sutchuenensis have a strong and characteristic aroma, but there is no report on their chemical composition. To study the essential oil composition of T. sutchuenensis, the essential oils were extracted from leaves, twigs and stems of T. sutchuenensis at two developmental stages (shrub-like trees and large trees) and analyzed by GC and GC-MS. The wood of T. sutchuenensis is durable and used by local people for applications requiring decay resistance. Three isomeric thujaplicins that are toxic towards wood-degrading fungi occur in the wood of T. plicata and T. occidentalis [1b,1c] . In this study, antifungal activity of the essential oils of T. sutchuenensis against human pathogenic fungi was evaluated.
In total, 81 compounds were identified, accounting for 66.2-90.8% of the total oil in all samples (Table 1 ). There were considerable differences in the essential oil composition among leaves, twigs and stems of large trees. Monoterpenes and sesquiterpenes were the main groups of compounds in the essential oil extracted from leaves of large trees, whereas sesquiterpenes dominated the essential oils extracted from twigs and stems. The main components of the essential oils from large trees were: in the leaf, α-pinene, β-caryophyllene, αcaryophyllene and longifolene; in the twig thujopsene, cedrol, α-caryophyllene, cuparene and β-caryophyllene; and in the stem thujopsene, cedrol and cuparene. It was interesting that the essential oil composition of the twigs of large trees included both major components of the leaves, such as α-caryophyllene, β-caryophyllene, and longiborneol, and those of the stems, namely thujopsene, cedrol and cuparene. Moreover, the relative amounts of thujopsene and cedrol increased sequentially from leaves to twigs and stems in large trees. However, with regard to the shrub-like trees, the relative amounts of thujopsene and cedrol were highest in the twigs, followed by stems, and concentrations were lowest in leaves. In contrast, the relative amounts of α-pinene and β-caryophyllene decreased gradually from leaves to twigs and stems in both large trees and shrub-like trees. The essential oil composition of stems of large trees of T. sutchuenensis is similar to that of Virginia cedarwood oil [2a] . : twigs of shrub-like trees; sample S1-1: stems of large trees; sample S1-2: stems of large trees; sample S2: stems of shrub-like trees. All samples were obtained by hydrodistillation, except S1-2, which was extracted by SFE. tr = trace (<0.1%). a L1, S1-1 and S1-2 were the same samples as described in Table 1 . b MIC 50 : Minimal inhibitory concentration (μg/mL) that resulted in 50% reduction in growth compared with that of the oil-free growth control. c MIC: Minimal inhibitory concentration (μg/mL) that completely inhibited the visible growth of the fungus.
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The yield of essential oil extracted from stems of large trees by supercritical fluid extraction (SFE) was 12.2% (w/w), which was much higher than the 3.1% yield obtained by hydrodistillation. The chemical composition of the essential oil extracted by SFE was almost identical to that of the hydrodistilled essential oil, except that there were some higher molecular weight compounds that could not be identified in the essential oil extracted by SFE. This agreed with the findings of Eller, who extracted cedarwood oil from Juniperus virginiana with supercritical CO 2 [2b].
The main components of the essential oil extracted from stems of shrub-like trees were trans-totarol, transferruginol, abietatriene and cedrol. In contrast, in the essential oil extracted from stems of large trees, cedrol and thujopsene were the main components with transtotarol and trans-ferruginol not detected. Trans-totarol and trans-ferruginol were also recorded in T. plicata [2c] . It is possible that the differences in essential oil composition between large trees and shrub-like trees result from the different developmental stages and differences in their growing locations.
The five species of Thuja comprise T. sutchuenensis, T. standishii, T. koraiensis, T. occidentalis and T. plicata. A molecular phylogeny for Thuja indicated that T. sutchuenensis has a closer genetic relationship with T. standishii compared with the other species [3a,3b] . However, great variability in essential oil composition exists among Thuja species. The main components of the essential oils from leaves of the five species are as follows: in T. sutchuenensis α-pinene (25.3%), β-caryophyllene (12.2%), α-caryophyllene (6.0%) and longifolene (4.2%); in T. standishii sabinene (20.3%), 3-thujanone (19.1%), 4-terpineol (7.6%), fenchone (7.5%) and bornyl acetate (7.2%) [4a] ; in T. koraiensis β-thujone (11.7%), bornyl acetate (10.1%), β-thujene (9.7%), elemol (9.3%), fenchone (8.2%), 4-terpineol (8.0%), and sabinol (7.2%) [4b]; in T. occidentalis α-thujone (50-60%), fenchone (10-13%) and isothujone (8-10%) [4c]; and in T. plicata l-thujone (80%) and d-isothujone (10%) [4d] . The main components of the essential oils from stems are: in T. sutchuenensis thujopsene (40.1%) and cedrol (23.9%); in T. koraiensis occidol (12%), occidentalol (7%), γ-eudesmol (11%), and a mixture of α-and β-eudesmol (9-38%) [5a] ; and in T. occidentalis occidentalol (20-50%), occidol (11-35%), α-eudesmol (3-6%), β-eudesmol (7-9%) and γ-eudesmol (4-9%) [5b].
The essential oil composition of the leaves of T. koraiensis is somewhat similar to that of T. standishii. The essential oil composition of the leaves and stems of T. occidentalis resembles that of T. plicata. However, the essential oil composition of the leaves and stems of T. sutchuenensis, which is restricted to central China, differs greatly from that of other Thuja species. It can be concluded that species growing in the same geographical region exhibit a similar chemical composition. It is noteworthy that the considerable differences in essential oil composition between Thuja species may result from the disjunct distribution. It is also possible that the chemical differentiation is correlated to the existence of chemical polymorphisms.
All of the essential oils showed significant inhibitory activity (Table 2) against Candida albicans, which was more sensitive to all of the essential oils than C. tropicalis and C. krusei. However, Aspergillus fumigatus was insensitive to all the essential oils. The essential oil extracted from stems by SFE showed stronger antifungal activity against most of the tested fungi compared with that of the hydrodistilled essential oil, probably because the higher molecular weight compounds in the oil extracted by SFE possess good antifungal activity.
